During studies designed to improve methods for isolating and cultivating oral spirochetes, growth of some spirochetes was observed to occur only in the presence of other oral bacteria. Among the latter, there was a microaerophilic diphtheroid which, by itself, was found to be a potent stimulator of spirochetal growth. The growth factor(s) elaborated by the diphtheroid was present in broth culture filtrates, and when these were added to media it was possible to isolate, to clone, and to maintain in pure culture a number of spirochetal strains previously grown only in mixed culture (8). Because the use of such fltrates required the processing of large volumes of diphtheroid culture, and because the growthpromoting potency of different lots of culture fluid varied significantly, identification of the growth factor(s) was undertaken. The studies reported here were carried out with a spirochete identified as Treponema microdentium (11), and do not necessarily pertain to other morphologically different oral spirochetes which also require diphtheroid culture fluid for growth.
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MATERLALS AND METHODS
Microorganisms. The microaerophilic diphtheroid employed for the support of spirochetal growth, and its method of cultivation, have been described previously (8) .
The OTY3 strain of oral treponeme, identified morphologically as T. microdentium (11) , was isolated from the oral cavity of a staff member by the procedure described earlier (8) . Cultures were maintained in a broth medium composed of one part Brain Heart Infusion (BBL), three parts Spirolate broth (BBL), and two parts filtered diphtheroid culture fluid. Initially, the medium was supplemented with 10% (v/v) normal rabbit serum, but this was later omitted.
Growth studies. Basal medium consisted of one part Brain Heart Infusion, three parts Spirolate broth, and sodium thioglycolate, 500 mg per liter. Supplements were added as described in Results. Cultures were grown in acid-cleaned, optically matched test tubes, 13 by 100 mm, and growth was measured by optical density changes (590 m,) in a Beckman model B spectrophotometer. For each variable condition, duplicate cultures and an uninoculated control were prepared. Cultures were inoculated with one-thirtieth their volume of a 6-to 7-day culture of OTY3. Culture tubes were filled to within 0. Isobutyrate proved to be active in only one experiment, and, therefore, it was conjectured that a second growth factor, presumably present at the time of the single success, might also be required. This led to the addition of a variety of coenzymes and other known constituents to the isobutyrate medium. These included thiamine pyrophosphate (5 ,ug/ml), adenosine triphosphate, nicotinamide adenine dinucleotide coenzyme A, and pyrodoxal phosphate (at 0.1 to 1.0 ,Ag/ml), spermine*4HCl (at concentrations up to 100 ,tg/ml), and glucose-l-phosphate (30 ,ug/ml). Separately and in combination, all were inactive.
Role of serum in the utilization of isobutyrate. While the present studies were in progress, concurrent investigations revealed that one group of oral spirochetes, represented by the organism under study, did not require, for growth, the addition of a serum supplement to media. In basal medium fortified with diphtheroid culture filtrate, these spirochetes grew well regardless of the presence or absence of serum. Thereafter, serum was usually omitted from media to simplify growth conditions. An analysis of the various experiments in which isobutyrate-supplemented media were employed revealed *that spirochetal growth had occurred on the one occasion when the inoculum had come from a culture containing 10% serum, while the test medium was serum-free. When, on the other hand, serum was present in the test medium at a level of 10%, or was absent in both the inoculum and test medium, no growth had occurred. The results obtained when these conditions were reproduced are shown in Table 1 . It will be noted that growth again occurred under the same conditions as before. Furthermore, cultures without serum also grew when maintained sufficiently long to overcome a lag phase of approximately 7 days. In contrast, growth still failed to develop, even with prolonged incubation (10 days), when serum was present at a concentration of 10%.
The dual effect of serum on the spirochetal growth, implied by the foregoing results, was substantiated by an experiment in which various concentrations of serum were added directly to the test medium (Fig. 1) . Growth in the isobutyrate-serum medium began most quickly at a serum concentration of 0.36%; this concentration corresponded to the final serum level in the serumfree medium inoculated with a culture containing 10% serum (see last line of Table 1 ). Growth serum; open symbols, no serum. Sodium acetate conAlthough different lots of serum exerted al-centrations: curves A and D, 1.0%; B and E, 0.5%; most the same stimulatory effect, some were C and F, 0.1%. stimulate the growth of many bacteria, and is a recognized growth requirement for several anaerobic spirochetes (3, 15) , the effect of carbonate upon the growth of OTY3 with isobutyrate was investigated. The results (Fig. 4) were striking. Sodium bicarbonate, at concentrations of 0.05 to 0.1%, not only shortened the lag phase but also accelerated the growth rate and greatly increased the total yield of spirochetes. At lower concentrations, the stimulatory effect was less marked, and at 0.001% the growth was essentially the same as in media containing isobutyrate alone. Sodium bicarbonate, in addition to stimulating spirochetal growth, also neutralized the inhibitory action of both serum and the long-chain fatty acids. In the presence of 0.1% bicarbonate, OTY3 grew promptly with 10% serum, and with both oleic acid and Tween 80 at concentrations 10 times greater than those found to be toxic in the absence of bicarbonate.
Quantitative and qualitative fatty acid requirements. The concentration of isobutyrate required for maximal growth of OTY3 in the presence of either serum or bicarbonate was also investigated (Fig. 5) . With either supplement, the total yield of spirochetes increased sharply with increasing increments of isobutyrate, up to 3 ,ug/ml; thereafter, the increase was more gradual, but the slope was steeper and more prolonged in the bicarbonate than in the serum medium. Maximal growth in the serum medium was reached at an isobutyrate concentration of 9 to 10 ,g/ml, whereas in the bicarbonate medium growth continued to increase until a concentration of 20 pig/ml was reached. After recognition of the optimal conditions for isobutyrate utilization, the specificity of the fatty acid requirement was re-examined with the same C2 to C6 acids previously studied, and with the corresponding alcohols of most. Of the various compounds tested, DL-2-methylbutyrate alone supported spirochetal growth, but it was only one-tenth as active as isobutyrate on an equimolar basis. The marked specificity of the fatty acid requirement of OTY3 was further emphasized by the complete failure of n-butyrate, isovalerate, and 2-methylvalerate to support growth.
DIscussIoN
The microorganisms known to require a branched-chain volatile fatty acid for growth are few in number, and, with two recently reported exceptions, are limited to several members of the microbial flora of bovine rumen (1, 4, 5, 17) . While the present studies on growth requirements of oral treponemes were in progress, Socransky et al. (14) described a strain of T. microdentium that required an exogenous source of both isobutyrate and cocarboxylase for growth. Also, Larson, Hattier, and McClesky (10) reported a strain of Listeria monocytogenes which grew in a medium composed of glucose and acid-alcohol extracted tryptose only after the addition of isobutyrate or 2-methylbutyrate. Thus, the demonstration in the present report of another oral treponeme requiring isobutyrate for growth is unusual, but not unique.
Although the treponeme of Socransky et al. (14) and the one investigated in the present study (OTY3) appear to be similar in morphology and 30 volatile fatty acid requirement, they differ in several respects. (i) The OTY3 strain does not require exogenous cocarboxylase for growth. (ii) Its isobutyrate requirement cannot be replaced by polyamines, as can that of the Socransky strain. (iii) OTY3, unlike Socransky's treponeme, needs the addition of exogenous bicarbonate for optimal growth. (iv) The isobutyrate requirement of OTY3 is much higher than that of the Socransky treponeme, and is closer to the volatile fatty acid requirements of other microorganisms. It is conceivable that these differences may be due to dissimilarities in cultural conditions, since neither strain was grown in a defined medium. However, this possibility seems unlikely, for the basal medium employed by Socransky et al. was composed of essentially the same components as that used in the present study.
It is of interest that neither n-butyrate nor isovalerate could replace the isobutyrate requirement of OTY3 and the Socransky treponeme. Moreover, the relative inefficiency of 2-methylbutyrate as a growth factor for OTY3 suggests that the volatile fatty acid requirements of the oral treponemes may be more specific than those of the rumen bacteria and L. monocytogenes, most of which can apparently utilize one or more of the other branched-chain volatile fatty acids as readily as isobutyrate (1, 4, 10, 17) . One exception is the strain of Ruminococcus albus studied by Hungate (9) , which appears to have a specific requirement for three different branched-chain volatile acids.
The addition of ascitic fluid, whole blood, or serum (proteins) to media has long been accepted as essential for the in vitro cultivation of anaerobic spirochetes of human origin; there are only three reported exceptions to this in the literature (7, 14, 16) . It was, therefore, surprising to find that OTY3 grew equally well with or without serum, in media containing diphtheroid culture fluid filtrate. Even more surprising, and more difficult to explain, was the demonstrated dual effect of serum upon spirochetal growth in the isobutyrate medium. After recognition of the growth-stimulating action of bicarbonate, it seemed reasonable to assume that the similar effect produced by serum in low concentration was due to protein-bound CO2. The inhibition of growth observed at higher serum concentrations is more difficult to rationalize. If this is due to lipids, as the preliminary evidence suggests, the ability of bicarbonate to neutralize the "toxicity" is most intriguing and warrants further investigation.
The function of isobutyrate in the nutrition of T. microdentium is still to be determined. Socransky et al. (14) found the isotope label of isobutyrate-J-C'4 in the nondistillable fraction of their organism, but they did not study its structural incorporation further. The necessity of adding serum, or similar biological fluid, to artifical media for the in vitro growth of most anaerobic spirochetes is probably due to requirements for preformed (but detoxified) long-chain fatty acids (12, 13) . Since both OTY3 and the Socransky spirochete grow in the absence of serum, these organisms can apparently supply their own needs for such compounds. Volatile fatty acids provide the basic structural skeleton for the synthesis of long-chain fatty acids and aldehydes in the rumen bacteria (2, 18) , and it is possible that isobutyrate may have a similar role in the oral treponemes.
The marked carbonate requirement of the OTY3 treponeme also remains unexplained. Although CO2 is undoubtedly utilized in many biosynthetic reactions, one critical role for bicarbonate in this organism may be in the synthesis of long-chain fatty acids. Such a role is suggested not only by the probable capacity of OTY3 to synthesize such acids more readily than most treponemes, but also by the fact that bicarbonate is an absolute requirement for the synthesis of long-chain fatty acids (6) .
